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ABSTRACT 
 

Medicinal implications of plants are well known to us since the time immemorial and are well 
documented in the ancient literature. According to WHO report, 80% of world populations count on 
herbal medicines to treat themselves in case of illness. And the main reason behind this could be 
the side effects caused by the drugs which are recommended now a days by the general 
practitioners. Herbal medicines are known to produce negligible amount of side effects and that is 
why they are among the favorite candidates for health care. In the present study, we have 
attempted to rediscover the medical potential of the Simarouba glauca. We have performed 
phytochemical analysis of Simarouba glauca and compared its bioactivities (antibacterial, 
antifungal, anti-diabetic, hemolytic, antioxidant, and antimicrobial)with synthesized zinc oxide 
nanoparticles. 
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1. INTRODUCTION 
 

The potential of plant to serve human beings in 
wellness of health and overall immunity and 
range of aspects has been well documented 
since former times [1]. According to World Health 
Organization, 80% of world’spopulation mainly 
counts on traditional medicines for health care. 
Plant products have been a part of 
phytomedicines since time immemorial [1,2]. 
There are about 2000 species of plants that are 
used for medicinal purposes and detected as 
having a therapeutic significance. Many of these 
medicinal plants, which are known to the humans 
since ancient time, either are on the verge of 
extinction or already listed as endangered. Lots 
of efforts are already in progress in the different 
corners of the world to conserve these plants 
and/or to enhancetheir ability to produce extra 
amount of medicinal compounds they are 
producing either by plant tissue culture 
techniques [3-7] or by the use of recently 
developed advanced techniques like Clustered 
Regularly Interspaced Short Palindromic 
Repeats with CRISPR associated protein 
9(CRISPR/Cas9) [8,9]. Medicinal plants play a 
vital role in preventing various diseases [10] and 
their medicinal value lies in some bioactive 
constituents (like flavonoids and phenols) that 
produce a definite physiological action on the 
human body [1,11]. It has been estimated that 14 
- 28% of higher plant species are used 
medicinally and that 74% of pharmacologically 
active plant derived components were 
discovered [12]. Out of the several hundred 
thousand medicinal plant species around the 
globe, only a small portion has been investigated 
so far both phytochemically and 
pharmacologically [12]. 
 

Plants are enriched with various phytochemicals 
such as vitamins, terpenoids, phenolic acids, 
lignins, stilbenes, tannins, flavonoids, quinones, 
coumarins, alkaloids, amines, betalains and 
other metabolites, which are rich in antioxidant 
activity [13]. Studies have shown that many of 
these antioxidant compounds possess anti-
inflammatory, antiatherosclerotic, antitumor, 
antimutagenic, anticarcinogenic, antibacterial, 
and antiviral activities [14].  
 

Phytochemicals are chemicals, which are 
naturally present in plants. Recently phyto 
chemicals have become more popular due to 
their countless medicinal uses. Phytochemicals 
play a vital role against number of diseases such 

as asthma, arthritis, cancer etc. unlike 
pharmaceutical chemicals these phytochemicals 
do not have any side effects. Phytochemicals are 
derived from different parts of plant such as 
leaves, flowers, roots, pulps, seeds, etc. [15]. 
Phytochemicals are also known as “Man friendly 
medicines” as they cure diseases without 
causing any harm to human beings [15]. To 
produce synthetic molecular analogs, a large 
proportion of plant based compounds are used 
as lead molecules in drug discovery which 
implies that phytochemicals play a crucial role in 
diversity oriented synthesis of natural product like 
pharma compounds [16]. It is a rain fed waste 
land evergreen edible oil tree. Simarouba glauca 
belongs to the family Simaroubaceae. It contains 
various groups of chemical components [17].  
Quassinoids is the main active group of 
chemicals in Simarouba glauca which belongs to 
triterpine family [16]. Pharmacological properties 
of Simarouba glauca are haemostatic, 
antihelmenthic, antiparasitic, antidysentric, 
antipyretic and anticancerous. Simarouba glauca 
is a native species to Florida in the United 
States, southern Florida, South America, and the 
Lesser Antilles [18]. Simarouba glauca is 
indigenous to the rainforest and other tropical 
areas in Mexico, Cuba, Haita and Central 
America. Its cultivation depends on rainfall 
distribution, water holding capacity of the soil and 
sub-soil moisture.  Simarouba glauca is found in 
several cultivated parts of India and was 
introduced in India during 1960s by plant genetic 
resources in the research station at Amravati in 
Maharashtra and University of agriculture 
science Banglore in 1986 [19]. Simarouba glauca 
is suited for temperature range of 10 to 50°C. It 
can grow at elevations from sea level to 1,000 m 
(3,300 ft). It grows 40 to 50 ft (12 to 15 m) tall 
and has a span of 25 to 30 ft (7.6 to 9.1 m) [18]. 
It has bright green leaves, small white flowers 
and small red fruits [16]. Leaves of Simarouba 
glauca are bluish oily green and smooth at apex 
and are pinnately compound. It has 3-21 leaflets. 
Simarouba leaf decoction when taken in limited 
amounts can raise the immunity, reduce appetite 
loss and increase quality of life in cancer patients 
[18]. Simarouba glauca has very good anti-
bacterial, anti-tumorous properties so it is very 
effective in reducing the size of tumors and 
secondary infections in cancer patients and in 
curing cancer of first/second stages, whereas in 
later stages it can considerably increase the 
quality of life [18].Nanotechnology involves the 
use of materials having nanoscale dimensions in 
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the range of 1–100 nm [20]. Nanomaterials are 
particles having nanoscale dimension, and 
nanoparticles are very small sized particles with 
enhanced catalytic reactivity, thermal 
conductivity, non-linear optical performance and 
chemical steadiness owing to its large surface 
area to volume ratio [21,22].  
 

The nanomaterials can be synthesized by 
different methods including chemical, physical, 
irradiation and biological methods. The 
development of new chemical or physical 
methods has resulted in environmental 
contaminations, since the chemical procedures 
involved in the synthesis of nanomaterials 
generate a large amount of hazardous 
byproducts [23,24]. Hence the green synthesis 
methods for the nanoparticle synthesis are being 
used now a day’s which are clean, safe, eco-
friendly and environmentally nontoxic. Moreover, 
in this method there is no need to use high 
pressure, energy, temperature and toxic 
chemicals [24,25,26]. Nanoparticles possess a 
wide array of application in the different fields’ 
viz., medicine, electronics, and therapeutics               
and as diagnostic agents [24]. Nano-particles 
have started being considered as nano-antibiotic 
because of their antimicrobial activity [22]. They 
also have potential application in the field of 
medicine like drug discovery, biological activities 
such as anti-microbial, antioxidant etc. and 
diagnosis of diseases [20]. 
 

The Zinc oxide nanoparticles have found 
fabulous applications in bimolecular, diagnostics 
and microelectronics [24], electromagnetic 
coupled sensors [20]. The Zinc oxide nano 
particles have been used to remove arsenic and 
sulphur from water even through bulk zinc               
oxide cannot absorb arsenic. It is because 
nanoparticles have much larger surface areas 
than bulk particles [27]. They have fascinating 
properties and extensive applications. Bio-
inspired synthesis of the zinc oxide nanoparticles 
has been achieved using environmentally and 
eco-friendly accepted systems. 
 

In this research work, we have performed 
phytochemical analysis of Simarouba glauca and 
compared its bioactivities with synthesized zinc 
oxide nanoparticles. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection and Preparation of Plant 
Material 

 

Simarouba glauca leaves were collected from 
local areas of Aurangabad, MS, India. After 

collection of leaves they are cleanedwith distil 
waterto remove all the impurities and unwanted 
materials. Dried to remove all the moisture 
content present in leaves so that it can be stored 
for further analysis. Complete drying of leaves is 
followed by grinding to convert them in powder 
form for further use. 
 

2.2 Preparation of Plant Extract  
 

Methanol extract: For the methanol extract, 200 
ml of methanol and 20 gm of dry powder placed 
in soxhlet extractor. Extraction was carried out 
for 3hrs and 9 cycles were performed. Dark 
green colour extract was obtained. 
 
Ethyl acetate extract: 200 ml of ethyl acetate 
and 20 gm of dry powder were placed in soxhlet 
extractor. Extraction was carried out for 3 hrs and 
9 cycles were performed. Dark green color 
extract was obtained. Methanol and ethyl acetate 
extract were evaporated using rotary evaporator 
and powder obtained was collected for further 
analysis. The powder was then kept in sterile 
bottles, under refrigerated conditions, until further 
use. 
 
Preliminary phytochemical analysis: The 
extracts were subjected to preliminary 
phytochemical testing to detect for the presence 
of different chemicals or compounds. S. glauca 
leaves extract were screened for the presence of 
alkaloids, flavonoids, carbohydrates, glycosides, 
tannins, terpenoids, saponins and steroids. 
 
Test for alkaloids: Mayer’s test: In 1 ml of 
extract add 1 ml of Mayer’s reagent. Appearance 
of creamy white precipitation indicates the 
presence of alkaloids. 
 

Test for flavonoids: In 5 mg of extract 
powdered 10 ml of sodium hydroxide. Yellow 
fluorescence indicates the presence of 
flavonoids. 
 

Test for terpenoids: Salkowski’s test: In 5 ml of 
extract add 2 ml of chloroform and 3 ml of 
concentrated sulphuric acid. Reddish brown 
colour indicates the presence of Terpenoids. 
 

Test for steroids: In 5 mg of extract add 2 ml of 
acetic acid unhydride and 2 ml of sulphuric     
acid. Green colour indicates the presence of 
steroids. 
 

Test for saponins: 1 mg of extract was mixed 
with 5 ml of distilled water and shaken well. 
Appearance of creamy white miss bubbles 
indicates the presence of saponins. 
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Test for tanins: 5 mg of extract was mixed with 
3 ml of distilled water and heated on a water 
bath. The mixture was filtered and add 5 mg of 
ferric chloride to the filtrate. Dark green colour 
indicates the presence of tanins. 

 
Test for carbohydrates and glycosides: 
Benedict’s test: In 2 ml of extract add 2 ml 
Benedict’s reagent, heat in boiling water bath for 
5 min, appearance of precipitation indicates the 
presence of glycosides. 

 
2.3 Qualitative Analysis of Phyto-

chemicals by Thin Layer Chromato-
graphy 

 
In the TLC analysis, 1 cm from the edge of the 
thin layer plate for a straight line across the plate.  
Spot the extract in the line with the capillary tube 
to dry the spot and place the plate in a beaker 
with a mobile phase. Layer the beaker when    
the solvent reaches more than 1 cm from the top 
of the plate. Remove the beaker from the solvent 
line before the Rf values have been calculated. 

 
2.4 Synthesis of Zinc Oxide Nanoparticles 
 
For the synthesis of zinc oxide nanoparticles, 
prepare 1 mM of Zinc acetate in 50 ml of sterile 
distilled water.   20 ml of 0.1 M sodium hydroxide 
and 25 ml plant leaf extract was then addedto the 
1 mM Zinc acetate solution. Thissolution was 
then kept incubated on magnetic stirrer for 3 hrs. 
Appearance of yellow color indicates the 
presence of Zinc oxide nanoparticles. This 
mixture was then centrifuged to separate 
supernatant and pellete. Supernatantwas 
discarded and pellete was dried in the hot air 
oven. Dried powder was then preserved in an 
airtight bottle for further studies. Characterization 
of zinc oxide nanoparticles was carried out by 
using UV visible spectrophotometry. 

 
2.5 Antibacterial Activity 
 
In vitro antibacterial activities were examined for 
methanol, ethyl acetate extract and zinc oxide 
nanoparticles. Antibacterial activities of plant leaf 
extracts and zinc oxide nanoparticles against 
three pathogenic bacteria (E. coli, S. auerus, and 
Bacillus subtilis) were investigated by the well 
diffusion method. The petriplateswere poured 
with approximately 25 ml autoclaved nutrient 
agar media each.  Agar plates were inoculated 
with three different bacterial colonies and    
spread with sterile swab. Four wells were 

punched on each plate using a sterile cork borer 
of 8 mm diameter. 100 μL of each extract was 
pipetted into respective wells. Standard leaf 
extract was used as a control.The Petri       
plates were incubated overnight at 37°C and the 
anti-bacterial activity was measured after 18     
hrs of incubationby measuring the zone of 
inhibition. 
 

2.6 Antifungal Activity 
 
In vitro antifungal activities were examined for 
methanol, ethyl acetate extract and zinc oxide 
nanoparticles. Antifungal activities of plant leaf 
extracts and zinc oxide nanoparticles against 
pathogenic fungus (Asperillusflavus) were 
investigated by the well diffusion method. All 
plates were autoclaved with PDA agar media of 
approx. 25 ml.  Aspergillus flavus colonies were 
inoculated with agar plates and sterile swab 
spread. Each plate was hit with four wells using a 
sterile 8 mm diameter cork borer. The pipetting 
into respective wells was 100 μL of each extract. 
Standard leaf extract was used as a control. The 
Petri plates were incubated overnight at 37°C 
and the antifungal activity was measured after 48 
hrs of incubationby measuring the zone of 
inhibition.  
 

2.7 Haemolytic Assay 
 

The haemolytic activity of the extract was 
determined using agar diffusion technique on 
blood agar plate. Blood agar was prepared and 
well measuring 8 mm were made on the agar 
using cork borer. The wells were filled with 100 
μL of different concentration of plant extracts 
solution and zinc oxide nanoparticles solution. 
Standard leaf extract was used as a control. The 
plates were then incubated at 37ºC for 24 hrs 
and the haemolytic activity was measured after 
24 hrs of incubationby measuring the zone of 
inhibition. 
 

2.8 Antioxidant Activity 
 
Scavenging of H2O2 radicals: The ability of the 
extracts to scavenge H2O2 was determined 
according to the reported method (reference). A 
solution of H2O2 (40 mM) was prepared in 
phosphate buffer (pH 7.4). Extract of selected 
concentrations in distilled water were added to 
H2O2 solution (0.6 mL, 40 mM). The absorbance 
of H2O2 at 230 nm was determined after 10 
minutes against a blank solution containing 
phosphate buffer without H2O2. Ascorbic                  
acid was used as a standard antioxidant. The % 
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of H2O2 scavenging of both extracts and 
standard compounds were calculated. % 
scavenged [H2O2] = [(A−A)/A] x 100                  
where A was the absorbance of the control and A 
was the absorbance in the presence of the 
sample of extract (rewrite this formula correctly 
again). 

 
DPPH (1,1-Diphenyl -2-picryl hydarzil) free 
radical scavenging activity: 0.1 mM solution of 
DPPH in ethanol was prepared. 500 µg of 
sample was added in 1 ml of solution. The 
mixture was shaken vigorously and allowed to 
stand room temperature for 30 min. Then the 
absorbance was measured at 517 nm by using 
UV visible spectrophotometer. Lower absorbance 
of reaction mixture indicates higher free radical 
scavenging activity. The % DPPH scavenging 
effect was calculated using following 
equation.The capability to scavenge the DPPH 
radical was calculated using the following 
equation: DPPH scavenging effect (%) = [(A0 – 
A1)/A0) × 100], where A0 is the absorbance of 
the control reaction, and A1 is the absorbance of 
presence of all of the extract samples and 
standard. 

 
Antidiabetic activity: The antidiabetic activity of 
the extract was determined using starch agar 
plates. Starch agar plates were prepared by 
using 0.1% starch and 1% nutrient agar. After 
that 5wells measuring 8 mm were made on the 
agar plates using cork borer. The wells were 
filled with given concentrationsof phosphate 
buffer and amylase enzyme and sample as 
indicated below. 
 

1
st
 well – 40 ul amylase + 60ul phosphate buffer 

= 100 ul 
 

2
nd

 well – 100 ul buffer 
 
3

rd
 well – 40 ul amylase + 40 ul phosphate buffer 

+ 20 ul sample = 100 ul 
 

4
th
 well – 40 ul amylase + 20 ul phosphate buffer 

+ 40 ul sample = 100 ul 
 

5
th
 well – 40 ul amylase + 60 ul sample = 100 ul 

 

3. RESULTS AND DISCUSSION 
 

3.1 Preliminary Phytochemical Analysis 
 

Phytochemical screening is a preliminary step in 
the characterization of plant products. 
Preliminary screening for presence or absence of 
a particular class of compound is qualitative in 

nature and form a robust base for the 
quantitative estimation of bioactive components. 
Phytochemicals were screened for Alkaloids, 
Carbohydrates, Glycosides, Coumarins, Proteins 
& Amino acids, Phenolic compounds, Tannins, 
Flavonoids, Terpenoids.  
 
Qualitative phytochemical investigation of extract 
of Simarouba glauca leaves showed the 
presence of saponins, tannins, flavonoids, 
glycosides, alkaloids, steroids, terpenoids. 
Methanol and ethyl acetate extract of Simarouba 
glauca leaves contain maximum number of 
phytoconstituents. The results of qualitative 
phytochemical analysis areshowed in the Tables 
1, 2, 3. 
 

Table 1. Preliminary phytochemical analysis 
of methanolic and ethyl acetate extracts 

 

Sr 
No. 

Phytochemicals Methanol 
extract 

Ethyl 
acetate 
extract 

1 Alkaloids + + 
2 Glycosides + + 
3 Flavonoids + + 
4 Terpenoids + + 
5 Steroids + + 
6 Saponins - + 
7 Tannins + + 

 

3.2 Qualitative Determination of Bioactive 
Compounds by Thin Layer Chromato-
graphy 

 

Methanol and Ethyl acetate extract obtained from 
S. glauca leaves was used to perform thin layer 
chromatography in order to establish the purity 
and composition of materials. The purified 
components of Methanolic and Ethyl acetate 
extract of S. glauca leaves were identified by 
iodine test. For different components different 
bands were observed under ultraviolet light (Figs. 
1, 2). 

 
3.3 Synthesis of Zinc Oxide Nanoparticles 
 
In visual observation colour of zinc acetate 
solution was changed to yellow after addition of 
simarouba leaf extract and yellowish precipitate 
indicates the formation of zinc oxide 
nanoparticles. For further confirmation UV visible 
spectroscopy was carried out. 

 
UV-visible spectroscopy is usually conducted to 
confirm the synthesis of zinc oxide nanoparticles. 
The absorption spectrum was recorded for the 
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sample in the range of 200 – 400 nm. The 
spectrum showed the absorbance peak at 310 
nm corresponding to the characteristic band of 
zinc oxide nanoparticles. 
 

 
 

Fig. 1. TLC for ethyl acetate, showing the 
separation of alkaloids, Teroenoids and 

flavonoids 
 

 
 

Fig. 2. TLC for methanol, showing the 
separation of alkaloids, teroenoids and 

flavonoids 

 
3.4 Antibacterial Activity 
 
The results of antimicrobial activity of methanol, 
ethyl acetate extracts and zinc oxide 
nanoparticles of E. coli, S. auerus, and Bacillus 
subtilis are given in Table 4. From the results it 
was found that zinc oxide nanoparticles have 
widerinhibitory zone as compared tomethanol 
and ethyl acetate extracts. Ethyl acetate extract 
have the least inhibitory zone.  These results 
clearly indicate that zinc oxide nanoparticles 
have enhancedantibacterial activity as compared 
to methanol and ethyl acetate extracts(Tables. 3, 
4) (Figs. 3, 4). 

 
3.5 Antifungal Activity 
 
The antifungal assay showed that Simarouba 
glauca has antifungal property against the tested 

fungi Aspergillus Niger. In this analysis, zinc 
oxide nanoparticles were found to be more 
effective as compared to methanolic and ethyl 
acetate extracts against the growth of fungi. The 
results of antifungal activity of methanolic, ethyl 
acetate extracts and zinc oxide nanoparticles of 
Aspergillus flavusis given in Table 5. 

 
3.6 Haemolytic Assay 
 
The zone of haemolysis was directly proportional 
to concentration of the extract. From the results it 
was found that zinc oxide nanoparticles (Table. 
6) have enhancedzone of haemolysisas 
compared tomethanol and ethyl acetate extracts 
(Fig. 5). 

 
3.7 Antioxidant Activity 
 
Antioxidant acitivity of the zinc oxide 
nanoparticles, methanolic and ethyl acetate 
extracts from the plant leaf SSimarouba glauca 
was carried out with hydroxyl radical scavenging 
assay and DPPH scavenging activity. 

 
3.8 Antidiabetic Activity 
 

Amylase inhibition detection was carried out 
using starch agar plates technique. The amylase 
activity inhibition zone appeared around the wells 
having zinc oxide nanoparticles, methanolic and 
ethyl acetate extract (Table. 7) (Fig. 6). 
 

A large number of biologically active plant 
constituents have been found in the Simarouba 
glauca extract in the phytochemical analysis. The 
result showed variations in the number of 
phytochemicals obtained from both extracts. 
More than 124 metabolites were detected in the 
ethyl acetate extract compared to both solvent 
extracts. This may be due to the high solubility of 
the active compounds of Simarouba glauca with 
ethyl acetate by extraction compared to the 
petroleum ether solvent. 
 

In addition to these results, it is also documented 
that different light intensities have various effects 
on the efficiency of the metabolites produced by 
the plants as seen in case of Glechoma longituba 
[28]. Zang et al. (2015) explained, chloroplasts 
produces different metabolites, and chloroplasts 
development mainly depends on the different 
light intensities [29,30,31]. Similar kind of effects 
can also be possible in case of Simarouba 
glauca and appropriate light intensity 
management might be feasible to obtain higher 
yields of secondary metabolites in it, which might 
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be helpful in improving its either antibacterial, 
antifungal, anti-diabetic, hemolytic, antioxidant, 
and antimicrobial. Moreover,S. glaucaand similar 
kind of medicinal plants’ specific antimicrobial 
activity isnowwell established, so one can also 
make the efforts to do the molecular studies, 
trace back the proteins and genes mainly 
responsible for these effects and clone them with 

easy, cheapand quick methods of cloning [32]   
for further studies by considering its 
commercialization in mind. Producing these 
antimicrobial components in bacteria is easy    
and quick and additionally we do not have to 
destroy plants for this, which will be environment 
friendly and is the absolute need of the current 
time. 

 
Table 2. Ethyl acetate 

 

Parameters  Stationary 
phase  

Mobile phase  No. of 
spots 

Rf value 

Alkaloids  Silica gel  Benzene : ethanol(45:5) 10 0.04, 0.22, 0.27, 0.31, 0.36, 0.47, 
0.54, 0.61, 0.75, 1 

Glycosides  Silica gel  Ethyl acetate : butanol : 
water(20:20:15) 

5 0.16, 0.30, 0.66, 0.76, 0.95 

Flavonoids  Silica gel  Ethyl acetate : formic acid : 
glacial acetic acid : water 

(20:2:2:5) 

 

4 

0.42, 0.81, 0.87, 0.93 

Terpenoids Silica gel  Toluene : ethyl acetate 

 

11 0.65, 0.09, 0.13, 0.21, 0.34, 0.44, 
0.50, 0.59, 0.63, 0.73, 0.98 

 
Table 3. Methanol 

 

Parameters  Stationary 
phase  

Mobile phase  No. of 
spots 

Rf value 

Alkaloids  Silica gel  Benzene : ethanol(45:5) 7 0.29, 0.37, 0.72, 
0.95, 0.78, 0.81, 0.89 

Glycosides  Silica gel  Ethyl acetate : butanol : water 
(20:20:15) 

2 0.35, 0.91 

Flavonoids  Silica gel  Ethyl acetate : formic acid : glacial 
acetic acid : water 

(20:2:2:5) 

5 0.10, 0.40, 0.75, 
0.89, 0.95 

Terpenoids Silica gel  Toluene : ethyl acetate 

(9:1) 

7 0.27, 0.33, 0.41, 
0.49, 0.56, 0.66, 1 

 
Table 4. Antibacterial activity and zone of inhibition for respective sample 

 

Sr. no. Extracts Conc. In mg/ml 

 

Diameter of zone of inhibition in cm 

E. coli S. auerus B. subtilis 

1 

 

Methanol 1 1.1 1.1 1.1 

2 1.2 1.1 1.2 

3 1.2 1.2 1.3 

4 1.2 1.2 1.3 

2 Ethyl acetate 1 1.1 1.1 1.1 

2 1.1 1.1 1.1 

3 1.1 1.1 1.1 

4 1.1 1.1 1.1 

3 

 

 

Zinc oxide 
nanoparticles 

1 1.2 1.1 1.3 

2 1.3 1.3 1.4 

3 1.4 1.5 1.5 

4 1.5 1.5 1.5 
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Fig. 3. Antibacterial activity, in against from left zinc oxide nanoparticals, methanol, ethyl 
acetate 

 

Table 5. Antifungal activity and zone of inhibition for respective sample 
 

Sr. no. Extracts Conc. In mg/ml 
 

Diameter of zone of inhibition in cm 

Aspergillus flavus 

1 
 

Methanol 1 1.1 
2 1.2 
3 1.2 

2 Ethyl acetate 1 1.1 
2 1.1 
3 1.1 

3 Zinc oxide nanoparticles 1 1.2 
2 1.3 
3 1.5 

 

 
 

Fig. 4. Antifungal activity at different concentration level 
 

 
 
Fig. 5. Haemolytic activity in against from left zinc oxide nanoparticals, methanol, ethyl acetate 
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Table 6. Zones of haemolysis for respective sample 
 

Extracts Zones of haemolysis in mm 

Conc. of extracts in mg/ml 

 1 mg/ml 2 mg/ml 3 mg/ml 

Methanol 1.2 1.3 1.4 
Ethyl acetate 1.2 1.2 1.4 
Zinc oxide nanoparticles 1.3 1.3 1.4 

 
Table 7. Zones of antidiabetic activity in against from left zinc oxide nanoparticals, methanol, 

and ethyl acetate 
 

Extracts Zones in cm 

Well no. 

 1 2 3 4 5 
Methanol 1.2 - 1.1 1 - 
Ethyl acetate 1.5 - 1.2 1.2 - 
Zinc oxide nanoparticles 1.2 - 1.2 1.1 - 

 

 
 

Fig. 6. Antidiabetic activity in against from left zinc oxide nanoparticals, methanol, and ethyl 
acetate 

 
The present study revealed that the S. glauca 
leaf posess antimicrobial activity, which is big 
plus of this study. Currently the world is facing 
the problem of antimicrobial resistance and 
pathogenic bacteria are developing resistance to 
the commercially available antibiotics. Therefore, 
it is an absolute necessity to keep looking for 
new antimicrobial solutions. And who know this 
Simarouba glaucaextract might be a solution to 
nullify the effect of antibiotic resistance in 
bacteria and could become a most favored 
medicine in the near future. 
 

4. CONCLUSION 
 

Based on our findings we conclude that 
Simarouba glauca plant leaves have significant 
amount of phytochemical compounds. Zinc oxide 
nanoparticles of Simarouba glauca have shown 
enhanced in vitro antioxidant, antibacterial 
activity, haemolytic activity, Antifungal activity 
compared to methanolic and ethyl acetate 
extracts of Simarouba glauca. The present study 
revealed that the S. glauca leaf 

possessantimicrobial activity, which is big plus of 
this study. Currently the world is facing the 
problem of antimicrobial resistance and 
pathogenic bacteria are developing resistance to 
the commercially available antibiotics. Therefore, 
it is an absolute necessity to keep looking for 
new antimicrobial solutions. And who know this 
Simarouba glaucaextract might be a solution to 
nullify the effect of antibiotic resistance in 
bacteria and could become a most favored 
medicine in the near future. 
 

CONSENT 
 

It is not applicable. 
 

ETHICAL APPROVAL 
 

It is not applicable. 
 

ACKNOWLEDGEMENT 
 
We are grateful to Meander Kumar Gakula for 
checking the English in the manuscript.  



 
 
 
 

Pawar et al.; AJI, 2(1): 78-88, 2019; Article no.AJI.53611 
 

 

 
87 

 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Ayangla NW, Singh N, Kumar A, 
Phytochemical analysis of plant species of 
genus Zanthoxylum, International Journal 
of Medicine and Pharmaceutical Science. 
2016;6(1):1-8. 

2. Lokhande P, Kharche A, Wagh SG, 
Manithe D, Harke SN. Immune boosting 
super food supplement from natural 
resources, Journal of Pharma-cognosy and 
Phytochemistry. 2019;8(5):2108-2113. 

3. Olgunsoy P, Ulusoy S, Akçay UC. 
Metabolite production and antibacterial 
activities of callus cultures from rosa 
damascena mill. Petals. Marmara 
Pharmaceutical Journal. 2017;21(3):590-
597. 

4. Pohare MB, Rathod HP, Shahakar SB, 
Kelatkar SK, Suryawanshi PP. Effects of 
UV radiations on morphological characters 
in In vitro regenerated Polianthes tuberosa. 
Research Journal of Agricultural Sciences. 
2012;3:1307-1308. 

5. Pawar KR, Wagh SG, Daspute AA, Avhad 
GB, Choudharee PD and Harke SN In vitro 
regeneration of potato (Kufri Pukhraj) 
Journal of Pharmacognosy and Phyto-
chemistry. 2019;8(5):515-518. 

6. Pohare MB, Suryawanshi PP, Rathod HP. 
In vitro micropropagation of Banyan Tree 
(Ficus benghalensis L.) through Shoot Tip 
Culture. Research Journal of Agricultural 
Sciences. 2012;3(4):880-882. 

7. Rathod HP, Pohare MB, Bhor SA, Jadhav 
KP, Batule BS, Shahakar SB, Wagh SG, 
Wadekar HB, Kelatkar SK, Kulkarni MR. In 
vitro micro propagation of blue passion 
flower (Passiflora caerulea L.). Trends in 
Biosciences. 2014;7(19):3079-3082. 

8. Pohare MB, Sharma M, Wagh SG. 
CRISPR/Cas9 genome editing and its 
medical potential. Advances in Bio-
technology and Biosciences; 2019. (In 
press). 

9. Wagh SG, Pohare MB. Current and future 
prospects of plant breeding with 
CRISPR/Cas. Current Journal of Applied 
Science and Technology. 2019;38(3):1- 
17. 

10. Wagh SG. Comparative updates on Host-
Induced gene silencing and CRISPR- 
Cas9 utilization for improved disease 

resistance in crops, Research Journal of 
Biotechnology;  2019.(in press) 

11. Mardan. Biochem Anal Biochem. 2013; 
2:144.  

12. Mir MA, Sawhney SS, Jassal MMS. 
Qualitative and quantitative analysis of 
phytochemicals of Taraxacum officinale. 
Wudpecker Journal of Pharmacy and 
Pharmocology. 2013;2(1):001-005. 

13. Das K, Tiwari RKS, Shrivastava DK, 
Techniques for evaluation of medicinal 
plant products as antimicrobial agent: 
Current methods and future trends. Journal 
of Medicinal Plants Research.2019;4(2): 
104-111.  
DOI: 10.5897/JMPR09.030 
ISSN 1996-0875© 2010 Academic 
Journals 

14. Zheng W, Wang SY, Antioxidant activity 
and phenolic compounds in selected 
herbs. J Agric Food Chem. 2001;49(11): 
5165-5170. 

15. Gurupriya S, Cathrine L, Ramesh J, 
Qualitative and quantitative phytochemical 
analysis of Simarouba glauca leaf extract, 
International Journal for Research in 
Applied Science & Engineering 
Technology; 2017. 

16. Sahira Banu K, Cathrine L. General 
Techniques Involved in Phytochemical 
Analysis. International Journal of 
Advanced Research in Chemical Science 
(IJARCS); 2016. 

17. Lakshmi S, Sangeetha D, Sivamani S, 
Tamilarasan M, Rajesh TP, Anandraj B, In 
vitro antibacterial, antioxidant, hemolytic, 
thrombolytic activities and phytochemical 
analysis of Simarouba glauca leaves 
extracts, International Journal of 
Pharmaceutical Sciences and Research; 
2014. 

18. Santhosh SK, Aswathy V, Radhakrishnan 
MC, Study on the phytochemical, 
antibacterial and antioxidant activities of 
Simarouba glauca, South Indian Journal  

of Biological Sciences. 2016;2(1);119‐   
124. 

19. Sala A, Recio MD, Giner RM, Manez S, 
Tournier H, Schinella H, Rios JL. Anti 
inflammatory and anti oxidant properties of 
Helichrysum italicum. J Pharm Pharmacol. 
2002;54(3):365-371. 

20. Vasait RD, Khandare KK, Preliminary 
assessment of phytochemical constituents 
and antibacterial activity of crude leaves 
extracts of Simarouba glauca, Bioscience 
Discovery. 2017;8(1):30-34. 



 
 
 
 

Pawar et al.; AJI, 2(1): 78-88, 2019; Article no.AJI.53611 
 

 

 
88 

 

21. Santhoshkumar J, Kumar V, Rajesh kumar 
V, Synthesis of zinc oxide nano       
particles using plant leaf extract against 
urinary tract infection pathogen, resource-
efficient Technologies. 2017;3:459–      
465. 

22. Tabrez S, Musarrat J, Al-khedhairy AA, 
Colloids and surfaces B: Biointerfaces 
countering drug resistance, infectious 
diseases, and sepsis using metal and 
metal oxides nanoparticles: Current status, 
colloids surf. B Biointerfaces. 2016;146: 
70–83. 

23. Agarwal H, Kumar SV, Rajeshkumar S. A 
review on green synthesis of zinc oxide 
nanoparticles an eco-friendly approach, 
Resource-Efficient Technologies. 2017;3: 
406–413. 

24. Zhang M, Liu M, Prest H, Fischer S, 
Nanoparticles secreted from iry rootlets for 
surface climbing. Nanoletters. 2008;8: 
1277-1280. 

25. Bhumi G, Savithramma N, Biological 
synthesis of zinc oxide nanoparticles from 
catharanthusroseus (l.) G. Don. leaf 
extract and validation for antibacterial 
activity, Int. J. Drug Dev. & Res. 2014;6: 
0975-9344. 

26. Savithramma N, Lingarao M, Rukmini K, 
Suvarnalatha DP, Antimicrobial activity of 
silver nanoparticles synthesized by using 
medicinal plants. International Journal of 
Chem Tech Research. 2011;3:1394-  
1402. 

27. Jeong S, Yeo S, Yis S, Antibacterial 
characterization of silver nanoparticles 
against E. coli ATCC-15224. Journal of 
Material Science. 2005;40:5407. 

28. Dhermendre K, Tiwari K, Behari J. Sen P. 
Application of nanoparticles in waste water 
treatment. World Applied Science Journal. 
2008;3:417-433. 

29. Zhang LX, Guo QS, Chang QS,  et 
al. Chloroplast ultrastructure, photo-
synthesis and accumulation of secondary 
metabolites in Glechoma longituba in 
response irradiance. Photosynthetica. 
2015;53:144–153  
DOI: 10.1007/s11099-015-0092-7 

30. Pohare MB, Akita M. Development of a 
precursor in a soluble form for protein 
import into chloroplasts. International 
Journal of Bio-Technology and Research. 
2016a;6(5):9-18. 
DOI: ORG/IJBTROCT20162 

31. Akita M, Pohare MB. Chloroplastic protein 
import characteristics of Dihydrofolate 
Reductase (DHFR) fused recombinant 
precursor protein in the presence of 
methotrexate. Biosci., Biotechnol. Res. 
Asia, 2016b;13(4):2351-2358. 
Available:http://dx.doi.org/10.13005/bbra/2
405. 

32. Pohare MB. Application of precursor 
proteins with steric hindrance for blocking 
the process of protein import into 
chloroplasts in vitro. IYOKAN - Institutional 
Repository: the EHIME area; 2017. 
Available:http://iyokan.lib.ehime-
u.ac.jp/dspace/ 

33. Pohare MB, Akita M. A Rapid and simple, 
recombination-based cloning method in 
Escherichia coli. Biosciences Bio-
technology Research Asia. 2017a; 
14(1):43-52. 
Available:http://dx.doi.org/10.13005/bbra/2
415 

_________________________________________________________________________________ 
© 2019 Pawar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/53611 

http://www.tjprc.org/view_paper.php?id=7411
http://dx.doi.org/10.13005/bbra/2405
http://dx.doi.org/10.13005/bbra/2405
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
http://iyokan.lib.ehime-u.ac.jp/dspace/
http://iyokan.lib.ehime-u.ac.jp/dspace/
http://dx.doi.org/10.13005/bbra/2415
http://dx.doi.org/10.13005/bbra/2415
http://creativecommons.org/licenses/by/4.0

